We investigated species composition, diversity, and seasonal variation of bat assemblages in the uplifted coral reef tropical forest of Taiwan. We mistnetted 584 bats of 10 species, accounting for one-third of the bat fauna of this island. Miniopterus schreibersii, Hipposideros terasensis, Rhinolophus formosae, and Murina puta were the most frequently caught and abundant species, together accounting for 79% of the relative frequency and 84% of the relative abundance; followed by Rhinolophus monoceros and Myotis taiwanensis. We found no evidence of the presence of Myotis muricola, but added Eptesicus serotinus, Myotis watasei, and Pipistrellus abramus to the list of species recorded from these forests. Both the total and mean numbers of species caught peaked in May-June, whereas the mean capture rates climaxed in July-August. Most species were captured year-round, but M. puta was more abundant in winter and M. taiwanensis was absent during late summer-early winter. The numbers of species present at interior and edge sites were similar, as were species composition and evenness and heterogeneity values. However, capture rates were 2-fold higher at interior than edge sites, in particular for H. terasensis, R. monoceros, and M. taiwanensis and were female-skewed, particularly for M. schreibersii and R. monoceros. The overall similarity in species composition between the forest interior and edge sites, based on assessments of bat captures or bat passes, was nearly 10% higher than the similarity between data of bat captures and bat passes within the forest interior and edge sites, respectively.
Tropical and subtropical forests constitute the most speciesrich biome on earth. The communities found there often contain high degrees of endemism, and the species display complex interactions and ecological functions. Unfortunately, both the biome and its residents are dwindling rapidly (Wright 2005) . Thus, determining whether and how to preserve biodiversity and manage tropical-subtropical forests in a sustainable way has been a major challenge to conservation biologists and decision makers. One attractive approach is to identify critical indicators of habitat quality or change and examine the effects of different types and degrees of land use and disturbance, or forest management strategies, on those indicators (Possingham et al. 2001; Schwartz 1999) . Given the associated controversy about the complexity in levels and potential problems involved in this approach (McGeoch 1998; Noss 2006 ), a variety of organisms have been proposed and evaluated for their feasibility as indicators in tropical forests (e.g., Lawton et al. 1998 ; also reviewed in Bawa and Seidler 1998) .
Among the potential candidates is the order Chiroptera, that is, the bats. While being taxonomically rich (Simmons 2005) and ecologically diverse (Kunz and Fenton 2003; Zubaid et al. 2006) , bats remain among the less-known mammalian groups in terms of their diversity, distribution, and ecological requirements (see Hutson et al. 2001) . Even worse, bats are among the most threatened terrestrial vertebrates (Racey and Entwistle 2003) . Many studies focusing on the diverse neotropical phyllostomids have reached general conclusions that parameters such as species richness and diversity tend to be lower at disturbed sites (Brosset et al. 1996; Clarke et al. 2005; Fenton et al. 1992; Medellín et al. 2000) . However, this pattern becomes blurred in other parts of the tropical world, for example, in Africa (Fenton et al. 1998; Goodman et al. 2005) , tropical Australia (Crome and Richards 1988; Milne et al. 2005) , and in the less intensively studied Indomalayan region (Kingston et al. 2003; Zubaid 1993) .
Taiwan (known as Formosa in most western literature up to the early 20th century) is a continental island on the eastern edge of mainland Asia with more than one-third of its area south of the Tropic of Cancer. Located centrally in the northern West Pacific island arc, between the Ryukyu Islands of Japan and Batanes of the Philippines, this island country lies in a close proximity to the Palaearctic, the Wallacea hotspot, and the Australasian region (Corbet and Hill 1992) . Geographically, the mountainous topography with forests covering nearly 60% of the total land area has contributed to the high diversity and high endemism levels of much of the Taiwanese fauna and flora, considering Taiwan's size of about 36,000 km 2 . Some examples include vascular plants (.4,200 species, 26% endemic) , butterflies (.400 species, 14% endemic), amphibians (33 species, 27% endemic), and land mammals (.80 species, 25% endemic), of which about 30 species are bats (33% endemic- Severinghaus and Hsieh 2004) . In most parts of Taiwan, however, the composition and diversity of bat assemblages are still poorly documented (e.g., Hsu 1997; Hwang 2000; reviews in Lin et al. 2004) .
Our study is the 1st attempt to comprehensively examine species composition and diversity of bat assemblages among seasons and between different forest types in a tropical forest of Taiwan. The major objective was to understand how much these bats rely on tropical monsoon forests, and the feasibility of using bats as indicators for conservation and forest management. We tested the hypothesis that different species will respond differently to forest alterations because of different ecomorphological features and associated foraging modes and behaviors (Neuweiler 1989) . Specifically, we predicted that the composition and diversity of bat assemblages would differ between forest interiors and forest edges; and that aerialhawking vespertilionids will not make good indicators for habitat change, because of their fast flying speeds and longdistance movements (Fenton et al. 1998) ; however, those species adapted to cluttered environments of forest interiors will make good indicators (Kingston et al. 2003) .
MATERIALS AND METHODS
Study sites.-Fieldwork took place in the Guijijaou Experimental Forest. This area (208589N, 1208489E, 200-300 m above sea level in elevation and about 450 ha in total area) is one of the few remaining lowland tropical monsoon forests in southern Taiwan. Guijijaou Experimental Forest is situated at the southern edge of the Guijijaou forest in Kenting (popularly known as the Kenting forest), on the Hengchun Peninsula, and is managed by the Hengchun Research Center of the Taiwan Forestry Research Institute. This area represents the largest and least-disturbed tropical forest on an uplifted coral reef karst terrain of the island (Wang et al. 2004) . The karst of Taiwan is among the northernmost in distribution within the species-rich limestone karsts of Southeast Asia (Clements et al. 2006) , and the Hengchun Peninsula is considered a major center of world plant diversity (Davis et al. 1995) . This area is characterized by mean monthly temperatures of .208C in January and 26-288C in July-August, with an annual rainfall of 2,200-2,300 mm. Precipitation occurs mainly in the April-October monsoon season, particularly during the June-early September typhoon season (Guijijaou Weather Station data, Taiwan Forestry Research Institute).
Most parts of the region are covered by an intact primary forest rooted on substrates of uplifted coral reefs that date from 0.13 to 0.5 million years ago (Shih et al. 1989) . Dominant trees include various species of ebony (Diospyros), autumn maple tree (Bischofia javanica Blume), Philippine drypetes (Drypetes littoralis (C. B. Rob.) Merr.), Taiwan aglaia (Aglaia formosana (Hayata) Hayata), bark fig-tree (Ficus benjamina L.), and Formosan nato tree (Palaquium formosanum Hayata- Wang et al. 2004) . Near the southwestern border adjacent to the primary forest is a designated recreational area, the Hengchun Tropical Botanical Garden, which is open to tourists. It consists of fragmented small patches of primary and secondary forests, grassland, and man-made facilities such as gardens in a mosaic pattern. Vegetation in the forest edge includes plantations of various types of native and introduced plants, such as Cycadaceae, Lauraceae, Mimosaceae, Moraceae, Palmae, and various ferns, lianas, and vines, in addition to some of the dominant species in the primary forest (Hengchun Tropical Botanical Garden data, Taiwan Forestry Research Institute).
Bat sampling.-We mistnetted for bats on a monthly basis between July 2003 and December 2005. Netting occurred in both the forest interior and fragmented forest edge, over a total area of about 80 ha in the Hengchun Tropical Botanical Garden-Guijijaou Experimental Forest. We selected netting sites alternately between the interior and edge sites using random numbers and grid coordinates (200 Â 200 m). Because of accessibility, however, the numbers of sites sampled were not even between the 2 settings. Each night, we set up a mean of 4.2 6 0.2 SE (range: 1-7) mist nets (75 denier polyester, 16-mm mesh size) of different sizes (5 or 9 m in length, and 1.5 or 3 m in height), depending on the topography, extent of vegetative cover, and space allowed for setting and raising nets. We adopted the net size of 5 Â 1.5 m to standardize sampling effort (total net number in standard size adjusted from net sizes actually used Â netting hours) and to calculate capture rates of bats. Thus, for example, a net of 9 Â 3 m is equivalent to 3.6 standard nets of 5 Â 1.5 m. All nets in the same night were within a 200-m-diameter area. We set up mist nets at different heights, that is, low ( 2 m in height) and higher (.2 m) levels, depending on the accessibility, and along forest edges, trails, and corridors of forest interiors.
Nets were opened for 4 h beginning at sunset, except when interrupted by heavy rains. No single net was unattended for longer than 5 min. Unless otherwise noted, each bat captured was identified on site based on Lin et al. (2004) . We referred to Simmons (2005) if a controversy or uncertainty about the identity of a particular species occurred. We also distinguished adults from juveniles (Anthony 1988) , determined the sex and reproductive status following Racey (1988) , measured the forearm length and body mass, and recorded the time and height of capture. We followed the guidelines for animal care and use approved by the American Society of Mammalogists (Animal Care and Use Committee 1998) throughout our procedures.
Bat pass sampling.-At each site, we also used bat detectors (D230; Petersson Elektronik AB, Uppsala, Sweden) set to the heterodyne mode to monitor bat echolocation calls for 5 min each hour until netting ended. We recorded bat calls using a Panasonic RQ-L30 cassette recorder (E-life Mall, Taipei, Taiwan). The detectors were 1.5 m above the ground to receive the clearest signals, following Milne et al. (2004) . The detectors were tuned alternately to the known frequency ranges at which different species of bats emit calls with greatest energy, for instance, Formosan woolly horseshoe bats (Rhinolophus formosae Sanborn, 1939) at 40-45 kHz, Schreibers's long-fingered bats (Miniopterus schreibersii, Kuhl, 1817) at 50-55 kHz, Formosan leaf-nosed bats (Hipposideros terasensis, Hodgson, 1835) at 65-70 kHz, Taiwan tube-nosed bats (Murina puta Kishida, 1924) at 60-80 kHz, and Formosan lesser horseshoe bats (Rhinolophus monoceros K. Andersen, 1905) at 100-110 kHz (Chao 2001; Lin et al. 2004; Y.-F. Lee, in litt.) . We counted the number of distinct bat calls to estimate bat passes, either directly from the output of the detectors or from tapes (Fenton et al. 1998) . For some species such as rhinolophids and hipposiderids, unique auditory characteristics of calls provided additional aids in species identification (Y.-F. Lee, in litt.). For species groups such as Myotis and Pipistrellus, in which call frequencies are difficult or impossible to separate without detailed acoustic analysis, we were unable to distinguish individual species, and species group was used instead.
Data analysis.-We used the relative seasonal occurrence (SO), frequency of occurrence (RF), and relative abundance (RA) to describe each bat species present. SO is the number of months in which a particular species is found divided by the total number of months obtained by adding up all occurrence months for each species recorded. RF is the number of sites on which a particular species is netted, divided by the sum of the number of sites on which each bat species is recorded. Both values range from 0% to 100% and provide standardized measures of the commonness of each species in the sample. RA was calculated as the proportion of individuals of each bat species relative to the total number of all bats recorded. All bats were surveyed at the same sites, thus RA represents a relative density estimate for each species. We assessed the correlation coefficient (Pearson's r) to examine the correspondence among these 3 measures. We further adopted and modified use by Curtis and McIntosh (1951) of the arithmetic mean of these 3 standardized measures to obtain an estimate of the relative importance (RI-Odum and Barrett 2005) of each bat species in the sample. Simple linear regressions with coefficient of determination (r 2 ) were used to assess the effect of sampling effort on the numbers of species and individuals caught at each site.
We used Simpson's measure of evenness, E 1/D ¼ (1/D)/s, to estimate the species evenness (SE), and the converted Simpson
2 ), to assess the heterogeneity in species composition (SH-Magurran 2004) ; where D ¼ AE(p i 2 ), and p i is the relative abundance of particular species i (i ¼ 1 to s, with s being the total number of bat species in the samples). A higher value of SH indicates a more-diverse species composition with a more-even distribution in abundance, and the 95% confidence intervals (CIs) of the latter index were estimated using the jackknife technique (Magurran 2004 ). We applied Morisita's index, C k ¼ 2AEX ij X ik /(k 1 þ k 2 )N j N k , to measure the overall similarity in species composition between bat assemblages in different forest types (Krebs 1999) , where X ij and X ik are numbers of bats of species i in sample j and sample k,
and N j and N k are the total numbers of bats in samples j and k, respectively. We also used this index to examine the overall similarity between species composition assessed using captures and bat detectors in each forest type. For bat passes, some species may be overestimated because of their patterns in flight, foraging, and signal emission, and a minimum estimation was taken for corrections and analysis. We counted continuous, or nearly so, signals of a particular species during a sampling interval at a sampling spot as 1 pass, regardless whether signals were emitted by 1 or more bats. However, we acknowledge that this procedure may underestimate the abundance of other species that tend to forage and move in groups.
We used a multivariate analysis of variance, with Wilks' k values to examine effects of sampling period and type of sites (forest interior versus edge) on the variance among species, in the numbers of species netted, mean capture rates, and mean numbers of passes. Where significant variation was detected, we used Tukey's honestly significant difference (HSD) test for unequal sample sizes to locate differences (Zar 1999) . We used a chi-square test and the R Â C G-test to examine the randomness of the frequency distribution of bat captures between sex and among sampling periods. Unless otherwise noted, all data are presented as the mean 6 standard error (SE) or relative proportion (%), and we calculated all statistical tests using an alpha value of 0.05 with STATISTICA 6. 
RESULTS
Bat captures and species composition.-In total, we spent 4,011.9 net-hours (42.23 6 2.42 net-hours/night; n ¼ 95) in the field, and caught 584 bats of 3 families, 7 genera, and 10 species. Hipposiderids included the East Asian tailless leafnosed bat (Coelops frithii Blyth, 1848) and H. terasensis (retained as a synonym of H. armiger -Simmons 2005) . In the Rhinolophidae, we caught R. formosae and R. monoceros; and in the Vespertilionidae, M. schreibersii, M. puta, The overall SH index was 0.781 (CI: 0.75-0.83), and the SE value was 0.508. Both the number of species caught ( " X ¼ 2.2 6 0.8 species/night, range: 0-6 species/night), and the capture rates ( " X ¼ 6.2 6 0.8 bats/night, range: 0-36 bats/night; 0.17 6 0.02 bats/net-hour, range: 0-0.89 bats/net-hour) varied. We caught fewer than 4 species and 4 bats, respectively, in more than 75% and 55% of the sites. Increased sampling effort slightly increased the number of species (r 2 ¼ 0.26, F ¼ 32.38, d.f. ¼ 1, 93, P , 0.001) and the number of bats (r 2 ¼ 0.17, F ¼ 19.54, d.f. ¼ 1, 93, P , 0.001). Thrity-five and 50 net-hours/night, respectively, appeared to be necessary to obtain at least half of the maximum capture for species number, and a productive capture in individuals, but there was considerable site-to-site variation (Fig. 1) .
Miniopterus schreibersii and R. formosae were most frequently caught, followed by M. puta and H. terasensis. However, total captures of H. terasensis and R. formosae were more abundant than that of M. puta. Together, these 4 species accounted for more than 65% of the relative seasonal occurrence (SO), more than 79% of the frequency of occurrence (RF), and nearly 84% of the relative abundance (RA; Fig. 2 ). The 3 measures were strongly correlated with one another (SO-RF:
.f. ¼ 1, 7, P , 0.005), and thus we generated a unified index value of relative importance (RI). R. monoceros, followed by M. taiwanensis and E. s. horikawai, was intermediate in all measures, and these 3 species together accounted for about 20.1% of the relative importance. M. watasei and P. abramus each accounted for less than 2.5% and 1% of the frequency, and 1.2% and 0.6% of the relative abundance, respectively (Fig. 2) , and we caught only 1 C. frithii.
Spatiotemporal variation in bat captures and diversity.-The number of species, total number of bats, and mean number of bat captures varied among sampling periods (Wilks' k ¼ 0.69, F ¼ 3.37, d.f. ¼ 10, 164, P , 0.001) and between habitat types (Wilks' k ¼ 0.85, F ¼ 7.14, d.f. ¼ 2, 82, P , 0.005; period Â site interaction: F ¼ 0.65, d.f. ¼ 10, 164, P . 0.5). These values generally increased from January-February toward the summer, with the highest total and mean numbers of species caught peaking in May-June (Tukey's HSD, P , 0.005). Mean capture rates were significantly higher at interior sites (0.239 6 0.038 bats/net-hour, n ¼ 31) than at edge sites (0.115 6 0.017 bats/net-hour, n ¼ 64; Tukey's HSD, P , 0.005), and higher in July-August than in winter months (Tukey's HSD, P , 0.05; Fig. 3 ).
Mean capture rates also differed among species (F ¼ 4.14, d.f. ¼ 1, 8, P , 0.001), with capture rates of M. schreibersii (0.053 6 0.011 bats/net-hour) and H. terasensis (0.036 6 0.008 bats/net-hour) at least 2.2-and 1.5-fold, respectively, higher than those of other species (,0.025 bats/net-hour; all P , 0.01). H. terasensis, R. monoceros, and M. taiwanensis were captured significantly more at interior than edge sites (Wilks' k ¼ 0.58, F ¼ 6.12, d.f. ¼ 9, 45, P , 0.001; Table 1 ). Although the 5 most common and abundant species all occurred year-round, a pattern of higher capture rates between May and August was evident for most species (Wilks' k ¼ 0.21, F ¼ 3.14, d.f. ¼ 9, 45, P , 0.001). The highest proportion of M. puta was netted during the winter, and M. taiwanensis was absent among bats we captured from late summer to early winter (Tukey's HSD, P , 0.001).
The edge and interior sites were largely similar in the numbers of species present (9 versus 8 species), and in composition (Fig. 5) . The SE index remained generally stable with relatively larger variations in the edge, particularly in January-February.
We caught significantly more adult females (60.5%) than adult males, with an overall female : male ratio of 1.53 (v 2 ¼ 18.88, d.f. ¼ 1, P , 0.001). Among species and among the 3 sampling periods, captures of M. schreibersii (2.38; G ¼ 36.48, d.f. ¼ 3, P , 0.001) and R. monoceros (2.13; G ¼ 11.14, d.f. ¼ 3, P , 0.05) were female-skewed, with the highest female : male ratio occurring before juveniles flew. M. puta was slightly male-skewed (0.75; G ¼ 6.4, d.f. ¼ 2, P , 0.05), particularly in the winter; whereas R. formosae (1.12; G ¼ 5.89, d.f. ¼ 3, P , 0.1) and H. terasensis (1.27; G ¼ 3.68, d.f. ¼ 3, P , 0.5) did not deviate significantly from 1:1. Other species were not analyzed because of the low number of captures.
Bat passes and comparisons to bat captures.-We monitored 4.6 6 0.1 sampling spots per night (n ¼ 66) for bat activity using bat detectors near our netting sites. In 5,945 min of monitoring (90.1 6 2.04 min/night), we recorded 517 bat passes (0.45 6 0.04 passes/5 min). Overall mean bat passes recorded were higher in forest interiors (0.63 6 0.08 passes/ 5 min, n ¼ 43) than at edge sites (0.35 6 0.03 passes/5 min, n ¼ 23; F ¼ 16.35, P , 0.001). Among species, bat passes were affected by both site (Wilks' k ¼ 0.51, F ¼ 6.7, d.f. ¼ 7, 58, P , 0.001) and season (Wilks' k ¼ 0.22, F ¼ 2.58, d.f. ¼ 7, 58, P , 0.001) with no significant site Â season interaction (F ¼ 1.27, d.f. ¼ 10, 164, P . 0.1). There were significantly more passes of M. schreibersii and R. monoceros at interior than at edge sties, and those of H. terasensis peaked in MayJune (Tukey's HSD; all P , 0.01). Between the forest interior and edge sites, there was overall similarity in species composition based on bat passes (Morisita's C k ¼ 0.87). In contrast, the similarity in the distribution of relative proportions among species between bat captures and those assessed by bat passes, was lower at both the edge (C k ¼ 0.76) and forest interior sites (C k ¼ 0.74; Fig. 6 ).
DISCUSSION
Bat sampling and species composition.-In Taiwan, as for many areas of the Indomalayan region (e.g., Kingston et al. 2003) , data on diversity and distribution of bats are deficient TABLE 1.-Numbers of individuals (in parentheses) and mean capture rate (6 SE; bats/net-hour) of each bat species netted at forest edge and interior sites of the Hengchun Tropical Botanical Garden-Guijijaou Experimental Forest. Four of the total 584 captures were excluded in the analysis because of missing species identity. Asterisks indicate a significant difference in capture rates between the 2 types of sites for a given species; ** P , 0.01, *** P , 0.001. (2) a Suggested as being an endemic species (Chou 2004; Lin et al. 2004; Yoshiyuki 1991b ), but the status remains unsettled (Simmons 2005 (Hutson et al. 2001) . The bat assemblage we sampled differed from that documented previously in several aspects. Previous records, based solely or largely on maximum colony sizes estimated from cave surveys, were dominated by M. schreibersii (.50%), followed by R. monoceros (15% to about 31%), H. terasensis (about 10%), and M. taiwanensis (3-13% -Hsu 1997; Hwang 2000) . Our study used mistnetting supplemented with bat-pass estimates and likely underestimated the relative importance of abundant species such as M. schreibersii. Nevertheless, our results confirm the general ranking of relative abundances among species.
Our captures indicated that M. schreibersii was the dominant species by all measures, followed by H. terasensis, R. formosae, M. puta, and R. monoceros in different orders of relative importance assessed by the various measures. For instance, bat passes of both R. monoceros and R. formosae appeared greater than other species relative to captures. Examination of our data does not support the presence of Myotis muricola (as M. latirostris- Lin et al. 2004 ; but see Simmons 2005) , a species that is relatively widespread at mid to high elevations in Taiwan. Most likely, the single record in Hsu (1997) was an unidentified mistaken species or a rare vagrant. In contrast, we added 3 locally rare species previously unreported in the Hengchun Tropical Botanical Garden-Guijijaou Experimental Forest: E. s. horikawai, M. watasei, and P. abramus. Although the latter is common and widespread in lowland, the former 2 are patchily distributed, only common in some lowland agricultural areas of central-southern Taiwan (Lin et al. 2004; Y.-F. Lee, in litt.) .
These discrepancies may reflect, at least in part, differences in the sampling methods adopted in investigations (Kuenzi and Morrison 1998; Murray et al. 1999; O'Farrell and Gannon 1999) . Different species of bats differ in the ease with which they are caught in mist nets, because of their wing morphologies, modes of echolocation, body sizes, and consequently their overall performances in terms of flying agility and maneuverability (Neuweiler 1989; Norberg 1994) . Our exceptionally low number of R. monoceros, disproportionate to that assessed among species by echolocation calls, and to the estimated large colony sizes at caves (Hsu 1997; Hwang 2000 ; Y.-F. Lee, in litt.), may be a direct consequence of such a phenomenon. Bats also differ in patterns and intensity of echolocation calls, which affects the feasibility of using bat detectors to monitor distribution and abundance (e.g., phyllostomids Fenton et al. 1992; Murray et al. 1999 ). The number of bat passes by R. formosae may have been overestimated, because of their continuously emitted ultrasound signals around their perch-feeding spots (Y.-F. Lee, in litt.) . This also may explain the pattern observed in M. puta, when assessed using bat passes in comparison to their relative importance in bat captures among species, because their echolocation calls are of lower intensity. No single method can achieve the most reliable assessment (Barclay 1999; Kunz 1988) .
Our data increase the total number of species of bats found in Kenting forest to 10, all of which are insectivorous, about onethird of the entire bat fauna in Taiwan. Three, or possibly 6, of them are endemic species. The actual number of resident species may be higher, considering that only about one-fifth of the forested land was surveyed, and that over the last decade or so, new species or new records are still being reported through taxonomic revisions or inventories in mountainous sites of Taiwan (e.g., Chou 2004; Csorba and Lee 1999; Kuo et al. 2006; Lin et al. 2002; Yoshiyuki 1991a Yoshiyuki , 1991b . This number of species is not high compared to that of many tropical sites, particularly the Neotropics (e.g., Clarke et al. 2005; Lim and Engstrom 2001; Medellín et al. 2000) . However, the current density, about 0.13 species/ha, is nearly comparable to that recorded in arguably the most species-rich and well-preserved site in the equatorial Paleotropics (0.17 species/ha in Kuala Lompat, Peninsular Malaysia- Kingston et al. 2003) , and is higher than some neotropical areas of similar or larger size (e.g., St. Vincent of Lesser Antilles-Vaughan and Hill 1996) .
Variation in species composition and diversity.-Bat captures, as well as the total numbers of species and bats netted, peaked from May to August, corresponding to the period of reproduction and juvenile emergence (Y.-F. Lee, in litt.) . This is consistent with patterns observed in most northern temperate zones (Racey and Entwistle 2000) . The temperature in winter does not appear as a limiting factor in Kenting; in contrast, the strong and periodic but seasonally long mountain winds from October to February or early March may heavily affect activity of bats. However, the seasonal pattern differed among species, particularly for M. taiwanensis and M. puta. Hwang (2000) documented a similar pattern of seasonal fluctuations in colony sizes of M. taiwanensis in cave surveys. Further work is necessary to assess seasonal movements, both between areas and among elevations, and population dynamics of these 2 species.
Examination of our data indicates a high overall similarity in species composition between forest types. Species richness is nearly equal to the total numbers of species present; and there is similar heterogeneity with overlapping CIs, between forest interiors and forest edge sites in Kenting Guijijaou Experimental Forest. This suggests that, unlike the pattern documented in the majority of the neotropical studies (e.g., Brosset et al. 1996; Clarke et al. 2005; Fenton et al. 1992; Lim and Engstrom 2001; Medellín et al. 2000) , the interiors of tropical forests of Taiwan do not necessarily sustain more species and higher diversities than the more-disturbed forest edges. The paleotropical microchiropterans mainly consist of insectivores, dominated by vespertilionids, and then by hipposiderids, rhinolophids, molossids, and emballonurids in various orders in different areas (Hutson et al. 2001 ). In Africa, Fenton et al. (1998) found that vespertilionids and molossids, and Goodman et al. (2005) found that most of the 27 species in Madagascar, that is, vespertilionids, molossids, and hipposiderids, were little or not at all impacted by forest perturbations. Milne et al. (2005) in tropical Australia found distinct bat assemblages associated with topographies and climates, but only limited associations with vegetation structures.
However, capture rates were significantly higher in forest interiors, which indicates a higher abundance and activity by bats, than at forest edges. This pattern is supported, at least partially, by a higher slope observed in the relationship between the number of species and the abundance of bats sampled at edge sites, although there was no obvious discrimination when accumulated captures were below 140. In addition, we never captured more than 20 bats in any single night at edge sites; in contrast, in 6 of 31 nights in forest interiors we netted more than 20 bats. This pattern also explains the seemingly lower species heterogeneity in forest interiors, although the actual species present were nearly identical. The higher capture rates in the interiors were evident for H. terasensis and R. monoceros, but not for most of the vespertilionids in our samples.
Our result is consistent with the observations and the prediction that, based on wing morphology and echolocation of bats, rhinolophids and hipposiderids tend to be adapted to more-cluttered environments (Norberg 1994) . This result also supports the concern that, although being key components of Old World tropical diversity, rhinolophids and hipposiderids may be more impacted by forest disturbances and be more susceptible to the loss and modification of forest habitats than are other species (Kingston et al. 2003) . The patterns found in our captures and bat-pass sampling for R. formosae is intriguing. This solitary species appeared more abundant and active in edge habitats than in the interior sites. Details of the habitat use and foraging behavior of this species are under investigation (Y.-F. Lee, in litt.) .
In comparison, we found few or no differences in capture rates between the edge sites and forest interiors for, with M. taiwanensis as an exception, most aerial-hawking vespertilionids in the Kenting forest. For gap-adapted specialists that tend to have higher aspect ratios and wing loading and fly faster, their responses to structural changes may be slow and go unnoticed (Crome and Richards 1988) . In addition, the availability of insect prey might not be severely impacted by canopy removal or vegetation clearance (Fenton et al. 1998; Milne et al. 2005) . Our data are consistent with Fenton et al. (1998) , and support our prediction.
Implications for conservation.-The species richness and degree of endemism in the bat fauna of Taiwan are worthy of attention (Lin et al. 2004 ; this study). The current overall species density, about 0.83 species/1,000 km 2 , is among the top quartile for more than 200 countries and regions compiled (data from Hutson et al. 2001) . The density of endemic species, about 0.18-0.33 species/1,000 km 2 , outnumbers the majority of these areas, being comparable to Jamaica (0.18 species), and next only to the Seychelles (4.4), Singapore (1.44), Guadeloupe (1.12), and São Tomé and Príncipe (1.0-data of Hutson et al. 2001 ). On a regional-global scale, the geographic location of Taiwan and the high degree of endemism in its bat fauna may play a significant role in contributing to the bat diversity of the Indomalayan-Palearctic region. More-intensive studies on the biogeography and evolutionary relationships of bats of Taiwan with those of adjacent areas are warranted. Within the island, the bat assemblages of Kenting Hengchun Tropical Botanical Garden-Guijijaou Experimental Forest sites, residing in the uplifted coral reef forest, deserve continuous monitoring and conservation efforts.
Our data do not fully support the prediction of a higher species richness and diversity in forest interiors than in moredisturbed forest edges. The role of bats as indicators of forest perturbation varies, with vespertilionids less suitable for this role than more clutter-adapted species. Nevertheless, the significance of this tropical forest to the overall bat diversity of Taiwan is clear. The conservation of this forest habitat may prove valuable as a part of the protection of the unique and species-rich karst habitats of Southeast Asia (Clements et al. 2006) . Some species of this assemblage are abundant but some others are very rare (i.e., C. frithii and M. watasei), and proper management and effective preservation of this remaining tropical forest is critical and urgent. For aerial species such as bats, efficient practices, for example, identifying and protecting cave and tree roosts, and foraging sites away from roosts, are equally essential in conservation (Crampton and Barclay 1998; Goodman et al. 2005) , whether for forest interiors or disturbed sites. Thus, forest management strategies compatible with maintaining biodiversity and native fauna and flora, such as periodic blocks with less-intensive logging (Clarke et al. 2005 ) and restoration 
